Tyrosinase is the key enzyme that controls melanin formation in the human skin. We performed a screening of 96 extracts of mushroom cultures and fruiting bodies for examining their inhibitory activity against mushroom tyrosinase. The ethyl acetate extracts of culture filtrate of Neolentinus lepideus exhibited the strongest inhibitory activity. The active compounds 1 and 2 were purified by repeated chromatographic separations from the extract. On the basis of spectroscopic analyses, 1 and 2 were identified to be 1,3-dihydroisobenzofuran-4,5,7-triol and 5-methoxy-1,3dihydroisobenzofuran-4,7-diol, respectively. Lineweaver-Burk plot of the enzyme reaction in the presence of 1 indicated that 1 was a potent competitive inhibitor. The respective IC 50 values of 1 and 2 were 173 and 263 μg/mL. Compound 1 at 15 μg/mL suppressed melanin accumulation stimulated by α-MSH in the murine melanoma B16 cells, as well as the induced accumulation of both tyrosinase transcript and protein without inhibiting cell proliferation.
In kingdom Fungi, the species that produce visible fruiting bodies are regarded as mushrooms. Numerous bioactive compounds, such as medicines, pesticides, and neuroactive substances, have been identified from mushrooms. However, mushrooms have not been extensively investigated phylogenetically, physiologically, and chemically. Thus, mushrooms are unique and promising bioresources that should be investigated further.
Our work is focused on the inhibitors of melanin biosynthesis. Melanin is a pigment that is produced and deposited in the melanocytes present in the stratum basale of the epidermal layer of skin. The inhibition of melanin deposition is important for maintaining healthy skin, since the formation of mottles and freckles is caused by hypermelanogenesis. Melanin is biosynthesized from l-tyrosine. Tyrosinase (EC 1. 14.18 .1) catalyzes the conversion of l-tyrosine to l-3,4-dihydroxyphenylalanine (l-DOPA) and from l-DOPA to l-dopaquinone, and is the rate-limiting enzyme in this pathway [1] . In addition to tyrosinase, tyrosinase-related proteins 1 and 2 (TRP-1 and TRP-2) have been shown to be involved in melanin biosynthesis. TRP-2 serves as the dopachrome tautomerase that catalyzes the tautomeric conversion of dopachrome to 5,6-dihydroxyindole-2-carboxylic acid (DHICA) [2] , and TRP-1 catalyzes the oxidation of DHICA to indole-5,6-hydroquinone-2-carboxylic acid [3] .
Melanocytes are regulated by various endogenous and exogenous factors from the environment and from neighboring cells in the skin, including UV light, melanocyte stimulating hormone (MSH), agouti signal protein, endothelin 1, dickkopf 1, a wide variety of growth factors, and cytokines [4, 5] . Melanogenesisassociated transcription factor (MiTF) is suggested to play a pivotal role in the regulation of tyrosinase gene (TYR) expression downstream of the intrinsic and environment-induced signaling pathways. MiTF is also involved in the proliferation and survival of melanocytes [6, 7] .
The compounds currently used for preventing melanin deposition are exclusively inhibitors of tyrosinase, such as hydroquinone [8, 9] , arbutin [10] , kojic acid (5-hydroxy-2-hydroxymethyl-4-pyrone [11] , and glutathione [12] . Recently, rhododendrol (4-(4-hydroxyphenyl)-2-butanol), which is an effective inhibitor of tyrosinase and used as an ingredient in cosmetics, was reported to cause patches of leucoderma on the skin of the face, neck, and hands because of its toxicity to melanocytes [13] [14] [15] . Thus, it is undeniable that effective and safe tyrosinase inhibitors are required.
The Fungus/Mushroom Resource and Research Center (FMRC), Tottori University possesses a collection of mushroom strains (8387 strains belonging to 1400 species, as on March 2017), which is one of the largest mushroom collections in the world. Recently, the analyses of bioactive compounds present in these strains have been initiated, which have resulted in the identification of several antimicrobial compounds [16, 17] . We performed a screening for the extracts derived from the fruiting bodies and liquid cultures of the FMRC-preserved edible mushroom strains, in an attempt to identify novel tyrosinase inhibitors. Edible mushrooms are considered valuable sources for identifying novel bioactive compounds, which may find applications in functional foods and/or cosmetics, since their constituents are expected to exhibit no-tolow toxicity.
Neolentinus lepideus (Fr.) Redhead & Ginns (formerly Lentinus lepideus (Fr.) Fr.) is a wood-decaying mushroom belonging to the family Gloeophyllaceae and produces brown rot. It is one of the popular edible mushrooms in East Asian countries, namely China, Korea, and Japan. The cultivation of N. lepideus was first reported by Ogiyama [18] . This mushroom is commercially available in Korea. The screening indicated that the extract of culture filtrate of N. lepideus effectively inhibited tyrosinase activity. Thus, we identified the active compounds in the extract of N. lepideus culture filtrate and characterized them using enzyme-and cell-based inhibition assays.
Materials and methods

General procedures
1 H-and 13 C-NMR spectra and 2D spectra (COSY, HMQC, and HMBC) were recorded using an Avance II instrument (Bruker, Billerica, MA, USA). Highresolution mass spectra were measured using an Exactive mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA), and ESI MS were recorded by a Quattro Micro API mass spectrometer (Waters, Milford, MA, USA) connected to an Acquity UPLC (Waters). Preparative HPLC was performed with a 10A HPLC system (Shimadzu, Kyoto, Japan). Enzyme activity was determined with an Infinite 200 PRO microplate reader (TECAN, Männedorf, Switzerland).
Reagents
Dulbecco's modified Eagle's medium (DMEM), synthetic melanin, tyrosinase from mushroom, and recombinant tyrosinase were obtained from Sigma-Aldrich (Tokyo, Japan). α-MSH and l-DOPA were purchased from Wako Pure Chemical Industries (Osaka, Japan). Phosphatebuffered saline (PBS) and trypsin used for cell culturing were obtained from Life Technologies (Carlsbad, CA, USA). All other reagents used were of the highest commercially available purity.
Tyrosinase inhibitory activity assay
Tyrosinase activity was determined using the method described by Shimizu et al. [19] and Arung et al. [20] with slight modifications. In brief, a mixture consisting of 133 μL of phosphate buffer (0.1 M, pH 6.5), 47 μL of 2.5 mM l-DOPA, and 8 μL of sample solution in DMSO was preincubated at 25 °C for 15 min in a well of a microplate. Next, for initiating the reaction, 12 μL of tyrosinase (extracted from mushroom, 6.4 units) in phosphate buffer (0.1 M, pH 6.5) was added to the mixture. For human tyrosinase (recombinant) reaction, the reaction mixture was downsized by half, and 6 μL of tyrosinase (5 units) was added to the mixture. The reaction mixture was incubated at 25 °C for 5 min, and absorbance was recorded at 475 nm. The inhibition rate was calculated according to the following equation:
where A is the absorbance at 475 nm for the complete reaction; B and C are the values of the reaction mixtures without tyrosinase and the sample solution, respectively; and D is the value of the reaction mixture without both tyrosinase and the sample solution. In the reactions without tyrosinase and the samples, phosphate buffer and DMSO, respectively, were added.
Liquid culture of N. lepideus
Neoentinu lepideus (TUFC31432) is the preserved strain of FMRC, Tottori University. The strain was cultured without shaking at 25 °C for 47 days in the dark in 500-mL conical flasks containing a liquid medium (200 mL/ flask, 25 flasks) consisting of glucose (30 g/L), peptone (3 g/L), the extract from 50 g/L malt, and tap water.
Purification of active compounds
Culture filtrate (5 L) of N. lepideus was extracted with ethyl acetate (1.7 L) three times. The extract was dried over Na 2 SO 4 overnight and evaporated to dryness. The extract (1.14 g) was subjected to column chromatography using silica gel (100 g, Daisogel IR-60-63/210, Daiso, Osaka, Japan). The column was eluted with mixtures of acetone and hexane. The concentration of acetone was increased from 0 to 100% in increments of 10%, with the volume of each fraction being 1 L. Activity was detected in the 30 and 40% acetone fractions.
The 40% acetone fraction (60 mg) was subjected to silica gel column chromatography (6 g, Daisogel IR-60-63/210). The column was eluted with mixtures of ethyl acetate and hexane. The concentration of acetone was increased from 40 to 100% in increments of 10%, with the volume of each mixture being 60 mL. The eluate for each ethyl acetate concentration was collected as three fractions, with the volume of one fraction being 20 mL. Activity was detected in the 50%-1 fraction (first fraction
in 50% ethyl acetate). This fraction was concentrated to afford Table 1 .
The 30% acetone fraction (140 mg), obtained after the first column chromatography, was also subjected to the second round of silica gel column chromatography (14 g, Daisogel IR-60-63/210). The column was eluted with mixtures of ethyl acetate and hexane, and the concentration of ethyl acetate was increased from 40 to 100% in increments of 10%. The volume of each mixture was 140 mL. The eluate for each ethyl acetate concentration was collected as three fractions, with the volume of one fraction being 47 mL. The 40%-3 fraction (25 mg) was subjected to the third round of silica gel column chromatography (2.5 g, Daisogel IR-60-63/210). The column was eluted with mixtures of methanol and chloroform. The column was eluted with 0, 2, 5, 10, and 100% methanol. The volume of each mixture was 25 mL. The eluate for each methanol concentration was collected as three fractions, with the volume of one fraction being 8.3 mL. The 2%-2 (3.5 mg) fraction was subjected to preparative HPLC. The HPLC conditions were as follows: column, Cosmosil 5C 18 -MS-II (10 × 250 mm, Nacalai Tesque, Kyoto, Japan); temperature, 40 °C; solvent, 18% acetonitrile in water; flow rate, 3 mL/min; detection, 254 nm. The peak with retention time of 8.2 min was denoted as compound 2. The fractions containing 2 were concentrated to afford 2. Table 1 .
Cell culture
The B16 melanoma (mouse melanin-producing melanoma, RCB1283) cells were purchased from Riken Bio Resource Center (Tsukuba, Japan). The B16 cells were cultured in DMEM supplemented with 10% (v/v) fetal bovine serum (Biowest, Paris, France) and 1% (v/v) penicillin/streptomycin (Wako Pure Chemical Industry) in air containing 5% CO 2 at 37 °C. During incubation, the medium was changed every 3 days.
Assay for evaluating inhibition of melanin synthesis using a cell culture system
Compounds 1 and 2 were dissolved in minute volumes of ethanol and diluted with distilled water. Melanin content was determined as follows: Briefly, the B16 cells were cultured in the presence of 10 nM α-MSH with 5 × 10 4 cells/plate in a 35 × 10-mm cell culture plate. After 24 h, the solutions of 1 and 2 were added to the medium. The final concentrations of 1 and 2 were 0, 1, 3, and 15 μg/mL. The cells were cultured for an additional 48 h. Then, the cells were washed with PBS and harvested by trypsinization. The cell pellets were treated with 1 mL of 1 M NaOH at 80 °C for 1 h. The absorbance of cell extracts was determined at 475 nm using a Shimadzu spectrophotometer. Synthetic melanin was used as the standard. Cell viability was analyzed by a TC20 cell counter (Bio-Rad Laboratories, Hercules, CA, USA).
qRT-PCR
Total RNA was prepared from the cultured cells using Sephasol-RNA1 (Nacalai Tesque), and used to synthesize cDNA by the PrimeScript RT Reagent Kit with gDNA Eraser (Takara Bio, Otsu, Japan). The primer pairs for qPCR were designed using the GENETYX software (GENETYX, Tokyo, Japan) to yield 18-24-nucleotide sequences with amplification products of approximately 100 bp ( Supplementary Table 1 ). A CFX Connect Real-Time System (Bio-Rad) with SYBR Premix Ex Taq (Takara Bio) was used to perform qPCR. GAPDH was used as the internal standard. qPCR experiments were repeated at least three times for each cDNA prepared from three preparations of cells.
Western blot analysis
After reaching confluence, the cells were harvested and lysed using the passive lysis buffer (Promega, Madison, WI, USA) at 4 °C for 30 min. The cell lysate was centrifuged at 10,000× g for 10 min at 4 °C, and the supernatant was used as the crude protein for western blot analysis. The protein extract was subjected to SDS-polyacrylamide gel electrophoresis. We used a precast slab gel (e-PAGEL, model E-R520L; ATTO, Tokyo, Japan) for performing electrophoresis through a 5-20% (w/w) linear gradient of polyacrylamide in the presence of SDS. After electrophoresis, the proteins were transferred onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad) in a Trans-Blot SD semi-dry electrophoretic transfer cell (Bio-Rad). Non-specific binding the signals at δ H 4.96 and 4.99 in the 1 H NMR spectrum, were considered to be connected via an oxygen atom on the basis of their chemical shifts and correlation in the H-H COSY spectrum (Figure 1) . A signal at δ H 6.25 in the 1 H NMR spectrum and six signals at δ C 146.9, 145.0, 133.2, 128.3, 117.1, and 103.9 in the 13 C NMR spectrum indicated the presence of a five-substituted benzene ring. The molecular formula suggested the presence of three hydroxyl groups that were considered linked to the benzene ring, based on the low magnetic field shifts of three carbon signals in the benzene ring (δ C 146.9, 145.0, and 133.2). The positions of substituents on the benzene ring were determined by the HMBC correlations as shown in Figure 1 , and 1 was identified to be 1,3-dihydroisobenzofuran-4,5,7-triol ( Figure 2 ). To the best of our knowledge, this compound has not been described in the literature to date. The molecular formula of 2 was determined to be C 9 H 10 O 4 , on the basis of the peak of the protonated molecule at m/z 183.0629 in HR ESI MS. The hydrogen deficiency index was 5. The 1 H and 13 C NMR spectra of 2 were similar to those of 1, except for the presence of a methoxy group (δ H 3.80 and δ C 56.8) in 2 ( Table 1) . The 1 H and 13 C NMR spectra indicated the presence of two methylene groups connected by an oxygen atom and a benzene ring. Considering the molecular formula, the presence of two hydroxy groups was indicated. In the HMBC spectrum (Figure 1) , the methylene protons at positions 1 and 3 showed correlations with carbons at 3a, 4, 7a, and 7 positions, but not to the carbon bearing the methoxy group. Thus, the methoxy group was located at position 5, as shown in Figure 1 . On the basis of these data, compound 2 was identified to be 5-methoxy-1,3-dihydroisobenzofuran-4,7-diol ( Figure 2 ). This compound also has not been described in the literature to date. The chemical structures of 1 and 2 are shown in Figure 2 .
We developed an MRM method to detect 1 and 2, and analyzed their concentrations in the fruiting bodies collected from fields in Japan. The concentrations of 1 and 2 were below the detection limits (Supplementary materials).
was blocked with 5% (w/v) non-fat dry milk in PBS/ Tween 20 buffer. The PVDF membranes were probed with anti-tyrosinase (ab180753, Abcam, Cambridge, MA, USA), anti-MiTF (ab20663, Abcam), anti-TRP1 (ab83774, Abcam), anti-TRP2 (ab74073, Abcam), and anti-GAPDH (ab9485, Abcam) antibodies individually. Immunodetection was performed using the anti-rabbit IgG secondary antibody (ab6721, Abcam) coupled to the tetramethylbenzidine-stabilized substrate for horseradish peroxidase (Promega, Tokyo, Japan), in accordance with the manufacturer's instructions. A protein ladder (Amersham ECL Rainbow Marker-Full Range; GE Healthcare, Minneapolis, MN, USA) was used to determine the molecular mass.
Statistical analyses
B16 cell viability and melanin concentration were analyzed using one-way ANOVA with Tukey's multiple comparison test. The analyses were performed using GraphPad Prism for Windows, version 5.03 (GraphPad Software, La Jolla, CA). All data were expressed as mean ± standard deviation, and the differences were considered to be statistically significant at p < 0.05.
Results
Isolation of tyrosinase inhibitors from N. lepideus
We examined inhibitory activity for the mushroom tyrosinase in extracts of mycelia and culture filtrates of 32 edible mushrooms, and extracts of fruiting bodies of 9 edible mushrooms. The extract of culture filtrate of N. lepideus exhibited the strongest activity with the inhibition rate of 72% at 1000 μg/mL. The inhibition rate of arbutin at 1000 μg/mL was 24%. To isolate tyrosinase inhibitors from the culture filtrate, we cultured N. lepideus in a liquid malt medium for 47 days. The culture filtrate was extracted and subjected to activity-guided fractionation by column chromatography. Finally, we obtained two active compounds 1 and 2.
HR ESI MS data of 1 showed the peak of protonated molecule at m/z 169.0495, establishing the molecular formula as C 8 H 8 O 4 , and thus, the hydrogen deficiency index of 1 was 5. Two methylene groups, represented by 
Effects of 1 and 2 on melanogenesis in B16 melanoma cells
We examined the effects of treatments with 1 and 2 on the proliferation of B16 cells ( Figure 6 ). Since both compounds suppressed cell proliferation at concentrations higher than 30 μg/mL in preliminary experiment, we treated the cells with the compounds at 1, 3, and 15 μg/ ml. Treatment with 1 did not affect the proliferation of cells at 15 μg/mL, whereas treatment with 2 caused a 72% decrease in cell numbers, indicating that 2 exhibited higher toxicity than 1. Then, we examined the inhibition of melanin accumulation in the cells by 1 and 2. The stimulation of cells by α-MSH induced an increased accumulation of melanin. Treatment with 1 at 15 μg/mL resulted in approximately 30% decrease in the melanin concentration (Figure 7(A) ). Treatment with 2 at 15 μg/mL also resulted in a considerable decrease in melanin concentration (Figure 7(B) ); however, the decrease was attributable to the decreased number of viable cells.
Further, we analyzed the effects of 1 on the expression of biosynthetic genes for melanin (TYR, TRP-1, and TRP-2) and the gene (MiTF) encoding the transcription factor that controls the expression of biosynthetic genes using quantitative reverse-transcriptase PCR (Figures 8(A)-(D) ). The amount of TYR transcript decreased markedly after treatment with 1 at 15 μg/ mL (Figure 8(A) ), while the amounts of TRP-1, TRP-2, and MiTF transcripts were not affected (Figure 8(B) -(D)). Western blot analysis indicated that the decreased amounts of TYR transcript was reflected by a significantly decreased accumulation of TYR protein ( Figure  8(E) ). The treatment with 1 at 15 μg/mL did not significantly affect the amounts of TRP-1, TRP-2 and MiTF (Figure 8(E) ).
Inhibition of tyrosinases by 1 and 2
We performed reactions using various concentrations of 1 and 2, as well as the known tyrosinase inhibitors hydroquinone and arbutin, with mushroom tyrosinase (Figure 3 ). The respective IC 50 values of 1, 2, hydroquinone, and arbutin were 173 μg/mL (1 mM), 263 μg/ mL (1.4 mM), 1970 μg/mL (7.80 mM), and 19,000 μg/ mL (69.9 mM). Accordingly, 1 and 2 showed inhibitory activity against mushroom tyrosinase at concentrations lower than those of hydroquinone and arbutin. The concentrations of hydroquinone and arbutin in cosmetic formulations are in the range from 10 to 50 mg/mL [21, 22] .
Next, we performed enzyme reactions in the presence of 1 at 100 and 300 μg/mL to determine the mode of inhibition. In the Lineweaver-Burk plot (Figure 4) , the regression lines crossed on the y-axis, indicating competitive inhibition.
We also investigated the effects of these compounds on human recombinant tyrosinase. As shown in Figure  5 , 1 and 2 clearly inhibited human tyrosinase at 500 μg/ mL ( Figure 5 ). The water-soluble exopolysaccharides obtained from submerged culture of N. lepideus exhibited immunomodulatory activities [26] . The extracts of N. lepideus fruiting body have showed antihyperlipidemic activities in hypercholesterolemic rats [27] and strong antioxidant activity in inhibiting the oxidation of β-carotene and in scavenging 1,1-diphenyl-2-picrylhydrazyl radicals [28] . Moreover, the extracts inhibited xanthine oxidase and tyrosinase activities. However, the specific compounds responsible for inhibition of these enzymes were not identified. Notably, 5-methoxyisobenzofuran-4,7(1H, 3H)-dione and 1,3-dihydroisobenzofuran-4,6-diol, together with multiple phenylpropanoids from the culture of N. lepideus were found to inhibit nitric oxide production in the lipopolysaccharide-induced macrophages [29] . These compounds were similar to 1 and 2 because they possessed the same isobenzofuran skeleton. Compounds possessing the isobenzofuran skeleton are
Discussion
We successfully identified the tyrosinase inhibitors, which had not been reported previously from mushroom extracts, proving that mushrooms are a promising target for searching novel bioactive compounds. The IC 50 values of 1 and 2 for mushroom tyrosinase were 173 μg/ mL (1 mM) and 263 μg/mL (1.4 mM), respectively. The values of hydroquinone and arbutin determined under the same conditions were 1970 μg/mL (17.8 mM) and 19,000 μg/mL (69.9 mM), respectively. Thus, 1 and 2 were considered more effective than these known tyrosinase inhibitors. The mode of inhibition of 1 was competitive inhibition, similar to that of arbutin [23] .
While analyzing the constituents of the N. lepideus fruiting body, various sesquiterpene hydrocarbons and alcohols were identified [24, 25] . In addition, the constituents of N. lepideus have been shown to exhibit multiple biological activities beneficial for human health. respectively [30, 31] . At the transcriptional level, besides MITF, other bHLH-LZ transcription factors, such as USF-1 and TFE3 can bind to the E-boxes in the TYR promoter and stimulate TYR expression [32] [33] [34] . The TYR core-enhancer is another possible factor affecting the TYR expression level. The Sox10 transcription factor is able to specifically transactivate the TYR core-enhancer located in the 3.7 kb distal regulatory element [35] .
The secondary metabolites produced in liquid cultures of mushrooms are often different from the ones in the fruiting body. In N. lepideus, this was the case for 1 and 2 because we were unable to detect these compounds in the fruiting body. It is natural for the composition of secondary metabolites to be affected by differences in substrates. Thus, the fruiting body of N. lepideus might accumulate 1 and 2 depending on the substrate. In fact, the closely related compounds 5-methoxyisobenzofuran-4,7(1H,3H)-dione and 1,3-dihydroisobenzofuran-4,6-diol were isolated from the fruiting body of N. lepideus [29] . Alternatively, 1 and 2 might be the compounds that are produced and function only in mycelia.
Only a limited number of tyrosinase inhibitors have been purified from fungi and chemically identified. These compounds include azelaic acid (1,7-heptanedicarboxylic acid) from Pityrosporum ovale [36] , kojic acid from Aspergillus and Penicillium [37] , and agaritine (β-N-(γ-L-glutamyl)-4-hydroxymethylphenylhydrazine) from Agaricus bisporus [38] . However, the inhibitory activity on tyrosinase has been detected in the extracts of many mushrooms species. Extracts from fruiting bodies of 13 species, and from mycelia rarely found in nature, and the biosynthetic pathways for this class of compounds have not been investigated to date.
We observed that 1 and 2 at 15 μg/mL reduced the melanin content in the murine B16 cells that were stimulated by α-MSH, although 2 significantly inhibited cell proliferation at this concentration. The effective concentration was lower than the IC 50 values for tyrosinase inhibition. This could be because of the effective incorporation of compounds into the cells. Alternatively, the long duration of treatment with compounds might have resulted in the inactivation of the enzyme. We also found that 1 negatively affected the transcript level of TYR and accumulation of TYR protein. Thus, the reduced melanin accumulation in murine B16 cells treated with 1 is likely attributable to the suppressed expression of TYR.
MITF plays the central role in the regulation of pigmentation proteins including TYR and TYRP1 and TYRP2. In our experiments, however, the changes in expression of MiTF and accumulation MITF protein were not obviously observed 72 h after α-MSH treatment. This could be attributable to the kinetics of expression of MiTF and/or turnover of MITF protein in the α-MSH treated cells. The treatment with 1 at 15 μg/mL suppressed of gene expression of TYR in spite of the unchanged expression levels of MiTF. In addition to transcription level of MiTF, multiple factors are involved in the regulation of TYR gene expression. For instance, the transactivation potential of MITF is affected by the phosphorylation. The Steel factor:c-Kit signaling pathway is linked to phosphoryalation of MITF at Ser73 and Ser409 through activation of MAP kinase and RSK-1, Figure 8 . effects of treatment with 1 on the accumulation of transcripts of TYR (a), TRP-1 (B), TRP-2 (c), and MiTF (d), and on the accumulation of tyr, trP1, trP2, and mitF proteins. the B16 cells were treated for 72 h with varying concentrations of 1 in the presence of α-msh. the transcript levels were determined by quantitative rt-Pcr with specific primer sets, and the proteins were detected by western blot analyses. of 17 species and culture filtrates of 17 species were listed as the potential sources for tyrosinase inhibitors in a Japanese patent [39] although the active principles of these extracts have not been identified. Indeed, we have also detected tyrosinase inhibitory activity in the extracts from multiple edible mushrooms. The analysis of edible mushrooms could be a fruitful approach in discovering novel tyrosinase inhibitors.
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